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SCOPE
The objéctive of this work was to develop rubber tank track pads based
on Guayule rubber and lignin or other non=-oil dependent fillers yielding

equal or better service than current pads.

INTRODUCTION

Current military rubber tank track pads are predominantly composed of
petroleum derived materials. Possible emergency shortages of petroleum
indicate a need for the study of potential substitutes,

Guayule rubber from domestic sources is a potential replacement for
the petroleum derived SBR rubber, which comprises more than 507 by weight
of current tank track pads, It is also a poﬁential substitute for the
natural rubber (1 - 7), which has been shown to give excellent ahrasion
and tear resistance in tank track pgds.(8)°

Reinforeing carbon black, also‘a petroleum derivative consfituting
approximately 30% by weight of the tamk track rubber, is the second largest
fraction and an important part of the tamk track pad, Potential substitutes
for carbon black include lignin (wood by-product) (9 - 12), silica deriva-
tives including Fillite and Orbaloid, silane-modified kaolin (Nucap), a coal
by-product (Austin Black), and chopped qellulose fibers; such as, Santoweb
D and DX (13), It is the intention of this work to compound such non-oil
components of rubber and filler aﬁd make tank track pad performance equal to

or better than those currently in service.

APPROACH

Experimental $

Rubber compounds were mixed in a laboratory size intermal mixer (Farrel

B) and sheeted out on a 12-inch rubber mill, The latter was also used to
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remill the compounds 24 hours after mixing, Tensile strength, elongatiom,
and modulus were determined by employing an Instron Model 1125 runner ten-
sile tester equipped with an Instron Model A74-80 chamber for low and ele-
vated temperature testinge

Abrasion resistance was determined using a Pico Abrader (8), Flex
crack growth resistance was evaluated on a DeMattia Flex Tester (1), Hy-
steresis data wereobtained with a Goodrich Flexometer (2)., Chunking and
chipping resistance was evaluated with a tester developed by Polysar, Ltd.
of Canada (5,14). Cure rata data weredetermined with a qusanto Model 100
oscillating dise rheometer. Scorch (processing safety) and plasticity data
were developed with a Monsanto Mooney Tester.

All physical properties were determined by ASTM procedureé where ap=-
plicable, Physical properties of experimental compounds were compared with
proprietary commercial SBR compounds which are currently in use on militafy
equipment,

In addition to the cure rate, scorch, and plasticity data, processing
characteristics such as power consumption, heat development, and polymer
breakdown were determined by using a Haake Laboratory internal mixer (Rheo~-
cord Model 600), Abbreviations of testing conditions for various Laboratory
instruments are given in the Appendix,

Properties of Materialg:

The Guayule rubber for this work was obtained from the Mexican Govern-
ment operated pililot plant located in Saltillo, Coahuila in northern Mexico,
This rubber was found to have a Specific Gravity of 0.92, Volatile Matter
0.,31%, Acetone Extract 5.86%, Ash Content 0,4557% and Mooney Viscostity

(M/ZIZ Deg. Fo) - 79,




The rubber appeared to be stickier than the SIR-20 (16) natural rubber
also used in this study and contained trace amounts of fiber which were
not apparent after mixing and did not show up in any of the tensile, tear,
or flex fractures, In Figure 1 the molecular weight distribution of the
polymer is shown for the two sets of polymers received. Figure 2 shows the
Infra-red Spectrum obtained for the type of guayule rubber used. In Table
1 a comparison of the properties of the guayule rubber and the natural rub-
ber is also shown, as measured in the Rheocord internal mixer. The results
shown in Figure 3 indicate that the processing of the guayule rubber is bet-
ter than or equal to the natural rubber,

The Indulin AT lignin wused was obtained from the Chemical Division of
Westvaco, Indulin AT is made as a by-product of the Kraft process for paper
pulp, The Westvaco datg‘bulletin (Table 2) gives the properties for this
product, Indulin AT contains about 57 moisture. Therefore, it was necessary
to dry the lignin in a circulating air oven for a2 minimum time of four hours
at 158° F, before mixing the compounds céntaining lignin,

Fillite is the tradename of Fillite, Ltd., Runcorn, U.K, The material
evaluated had a specific gravity of 0,7 and consists of hollow silicate
microspheres. In Table 3 the material characteristics for the Fillite are
depicted.

Orbaloid ™ is complex aluminum siligaces in the form of pyrogenic
microspheres with a specific gravity of 2,04, In Table 4 the physical
characteristics of the material used are shown,

Nucap 200 TM from J.M. Buber Company is silane-treated, hydrated alu-
minum silicate, This material has a specific gravity of 2,6 and a mean

particle size of 0,3 microns.
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TABLE 2

PHYSICAL PROPERTIES OF LIGNIN

INDLILIN AT

PRODUCT DESCRIPTION:

Xraft Pine Lignin Porymer

LIGNOCHEMICAL DATA BULLETIN

Typicsi Properties

Physical Form... Free Flowing Srown Powder
Lignin content, % (on dry basis) ..... .. 99
pH of 2% aqueous siurry at 25°C ... ... .. 8
Insotubies in warm 5% NaQH solution, %. 0.05
Surface tension of 1% solution of sodium sait

of INDULIN AT, gynes/em ............. 43
Flash point, °F L. ... et 349
Fire point, O e 38%
Sintering temoperature, °F .. ... ... 370
Weignt loss on heating in air, %

3000 i it 1

A0Q°F . ... et teriee i e 7

-0, ok 40

00 it 75
Sulk density, |bs./ft3 loose .............. 28

packed ..........ciiiiaanenn 32
Ash, % (on dry basisj ........ eeiieeenee 1
Moisture, %............l.L. e S
Soecific gravity. ..ottt 1.3
Transoortation snd Use Data:
00T Shigping Class ......... Non Mazaraous
0 T >129/%g

Minor eye irmtamt. not irritating to skin
TSCA:
CAS numper................ 8068-05-1
EPAnumber ................ R244-7025
Exempt from he requirement of 3 tolerance in
or on raw agricuitural commodities
(40 CFR, sec. 180.1001).
Motecuiar Weight—0istributions
Get Filtration. 0.1% NaQH Solution

ftolative Quantity,
incioasing

Moiecuiar Weignt

Viscosity. CPS

Viscosity of Aqueous
Sturry, st 25°C. oAt 12

Chemicai Qivision
Aoivenemicats Degantment
0. Sox 52C7

Nortn Charieston, S.C. 28408

U.S.A.
Teleonone: = 803-354-83330
TWX: 810-881-1878

~14~

1.000
1
;
/
i
100 ’
//
/
/
10
#*
2
o 3] 22 30 0 0
Sonas. %
Solubility in organic soivents
Senzene—nil Dioxane-compiets
Hexane—=nil Monoethanoiamine—
Metnvi S:nyi Ketonew— comolets
Partiai Qimetnyt formamige—
Metnvi JICONOiwm complete
Paruai Ceilosoive——compiete
Eehviene Glycol— S0:30 Ketone AICOMOiw
compiete complete
PACYAGING=mrnurtromi) pRoer SAQS cmaing 5Q o8, Net weegnt
Westvaco
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TABLE 3 MATERIAL CHARACTERISTICS OF FILLITE

Comparison of Materials 'K’ Factors Wens K

Asbestos
F13=1-7(-3cdd
(1822 Kgm™Y

For accurate cost comparisons of Filite with other
fillers the appropriate density ratio shouid be used.
For example, with a fiiler at a density of 2.8 and Fiilite
at a density of 0.7 the ratio is 4.

As 3 general rule. the average sphere diameter fails as
the density is reduced. from 200 micron for 0.82 to 50
micron for Q.4 and telow.

The 'K’ value of 3 material is an extremely imeertant
measure of its thermai insulating caoacity. The lewer
this number the tetter is the insulation of the matenal.
Values for varicus matenais are snown in the graph
above.

Material Characteristics

D istion

Form . Free Flowing Hollow
Micresphere

Colour ' . Off White

Surface Moisture : 0.5% maximum

Physical Properties

Oensity Range 1 0.3-0.82

Buik Density : 0.18=0.45

Packing Factor . 80%/62%

Hardness : Moh's Sczie 5

Average Wail Thickness  : 1/10 sphere diameter

Failure (Mydrostatic) . Impiosion

Electrical Properties

With Fillite Q.7 the reiative permittivity may te
taken as 2.2 and the loss tangent 0.024 (both
measurements at S0 H2).

-15 -

Chemical Properties

. Composition:

Shell Materiai: Alumina (As: Al,0,)267%—30%
Silica (As: :O,) 25%—35%
iron (As:  Fe,0,) 4% maximum

Gas: Nitregen 0%

Carton Dioxide 70%
Total pressure Q.2 std. atm.

Thermai Properties

Meiting Temperature: 1200°C—1320°C
Thermai Conductivity: 0.09 Wm™ K™
Co-efficent Thermai Expansion: x =8 x 107 (°K)

Heaith & Safaty

Fillite is classified as @ Nuisance Dust similar o talc.
rouge. etc. Long term effects of continued excosure is
minimised as the spheres Ceiow 3 microns nave Ceen
removeq.




TABLE 4 MATERTAL CHARACTERISTICS OF ORBALOID

ORBALOID

A NEW MINERAL FILLER

PRODUCT DESCRIPTION:
Greyish colored pyrogenic microspheres consisting
principally of complex aluminum silicates. This spherical
filler is a superior extender for rubber, plastics, coatings, sealants,
and adhesives.’

PARTICLE DESCRIPTION: .
Essentially spherical particles with an average size of 30 microns and
arange of § microns to 45 microns: mean particle size - 15 microns.

SIEVE ANALYSIS:
100%% (! %) thru 200 mesh screen
95% (1 %) thru 325 mesh screen
ASTM #(C430)

SPECIFIC GRAVITY:
17.0 LBS / gailon
2.04 specific gravity

AVERAGE BULK DENSITY:
8.4 LBS / gallon

48-50 LB / cubic foot

.0588 Buiking Valve

OIL ABSORPTION FACTOR:
Equated as the # of Ibs of oil per 100 Ibs.
4.5 oil absorption

ANALYSIS:
SlhcaasSiO2 45% - 5%
Aluminum as Alzo3 27% - 36%
lronach203 $%. 3%
Calcium as C;0 0.1%-0.8%
Magnesium as Mg0 0.2%-1.0%
Free Carbon as C 6%
PH Factor 6.5%-7.0%

HANDLING PROCEDURE:

Provide adequate ventilation to minimize release of dust to the
environment: Equipment availabie thru Midwest Filler Products.

-
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Austin Black is the tradename of the Slab Fork Coal Company. The ma-
terial is comprised of bituminous fine black with a specific gravity of

1422 and an average particle size of 0,3 microms.

Santoweb TM (Monsanto) consists of short, surface treated cellulose
fibers designed for theAreinforcement of rubber vulcanizates,

HiSil ™ is hydfated silica from PPG which is used for the reinforce-
ment of polymers. HiSil 210 was used in this study. The material has a
specific gravity of 2.0 and an ultimate particle size of 0,022 microns.

Selection of Cure System?

Guayule rubber was difficult to obtain in large quantities., It was,
therefore, necessary to use natural rubber in the screening of the vari-
ous cure systems., Most of the preliminary studies were made by utilizing
SIR 20 natural rubber,‘yhich was found to yileld comparable to-slightly
improved vulcanizates, ’

Several variations of commercial compounds were corpared to select an
optimm fcrﬁuli for the evaluation of carbon black replacements in guayule,
These formulae are listed in Table 5 and comparative properties are listed
in Tables 6 to 9, Formula D produced the best balance of properties for
both guayule and natural rubber, The lower hardness and modulus produced
by carbon black replacements studied indicated that elimination of the
process oil from Formula D would be beneficial. The resulting Formula F
teﬁds to optimize the vulcanizate properties of the guayule and the less
reinforeing substitutes (for carbon black) without seriously affecting the
vulcanizate properties of natural rubber and carbon black, which appear to
involve less critical optima,

All systems of rubber/filler used in this study were cured with the F

system as discussed in the next sections,

wl7=




SL79L1

0s°9L1

SL°9LT

S¥°981

09°281

06°/81

0s°1

SC°1

¢9

001

LYA !

9

001

S°e

29

001

S°¢

29

001

&1

9

001

¢9

001

ST

29

001

9

001

Sld0

S44L

anzing

€1 xeyjojusg
889 don

H 1030914
999 @3})joung
0%z ®3jjoung
001 ®1%dooojq
06, Xepung
P13y 21aw®ajg
PIXQ duyZz

JuswadIoJuIY
1®30%

2eqqny

Axuwoumv *ON

KALSAS A¥Nd

dHL 40 NOIIOF1AS FHL YOd @aAsn

AVINNIOoA

dsved G d14vl

«18-




862 & SAMNIK SZ amnnn

Le 6C uc 1L 4 17 vt 1Y (z12)
| 1z 91 0c zt 1 L1 0z (e ) 0 donLImM
ay €S ye 9%y 92 Lt LYy <SS (0c-) LAS T aHOD
0Ty c6S LYY £y9 oY 19 e 122 3 ala Wil
Le LT tC 114 LY } 6Y Lc LY 4 UNIIOw M
UYAS 00¢ oy $9Yy Siy 00, S 0S¢t e NOTLVONOT LA
0oveg 0659t osce 0SLL o6l ] % 008¢ 0tie (18d) TrisNan,
0614 0sue LT 00¢€Z ovi 00¢ (¥4 24 00¢e 00€ - QUM
0501 onel o1zt 00¢1 0zl 091 0061 ooYt 00C - aon
06¢ oYy 06Yy ey 001 44 | 0Ys 00§ 001 - Ao
99 89 £9 6¢ . €5 15 1L \ €L vV A¥ons
7171 11 VAR | 14 O | w1 L | S1°1 VAR | ALIAVUD 21310348
e 9¢ o¢ ¢ T Y e 8z o
¥4 FAA 44 81 L€ 09 6Yy 119 9. 4,067 SN
) 6L L9 08 9¢ 9¢ £S 69 212/
UELN vEZN 0LEN . 7eIN ALUTILD NiNDU1 OLEN ETN HITILIADVIN NOsIYD
un 1) uN UN uls uns nys yus UAHATO
g-v L~V 9-v 1 4 Y-y c-v -V 1-v “ON dNNOJHOD

_ V HALSKS 2und ONISN SUNMOIHOD MATILA-HINAVID ONY -,
: "-UAAUNY CIVBILVN ‘-HS 40 SALINAJON AMVNIMITEN 29 FIGVL

~19-




149
Al
€t

s
(43
SlE
0see
008¢
0s81
SLL
€L
VAR!

Lz
6¢

SS

0cEN
39

SS
71
6¢

0s9
1€
08€
GeLE
0062
G261
0s8
9L
71°1

9¢
Zc

€6

YEIN
4o

65
91
8¢

6.9
6¢

oy
059¢€
%292
0591
S.9
9L

71°1

9¢
oe

96
OTIN

o
-0

©d

(U
059
LE

GEe
00€e
008¢
0681
SLL

YL

71°1
SE
€e
6L

OEEN
N
t£-0

[£9
Al
A

199
112

ove
0sie
GZve
0s¢¢
626
‘9L

€1°1
v
91
L6

kXA
N
¢-0

s
€l
(A
895
e

08¢

. 008¢

001¢

0061

SLL
9L

Y11
9¢
0z
48

OLIN

N
1~9

8¢
71
9¢

€09
6c

00%
LPXA
0s6¢
SL91
SL9
L

12°1

0oe
9y

%S

OEEN
go
v-4

19
Sl

669
9¢

STy
059¢
059¢
0991
009
1L

12°1

Yy
<t

06
#€2N

g9
£-4

Ys
81
1A
113
GEe
L TAAN
SLiE
00¢¢
526
<L
12°1

e
o€

8L
0€EN

N
-4

4,86¢ I® s3InUIH Gg peian)d

Y9
1
Y7¢

819
1€

0se
SL9¢
0sce
G21¢
GC8
L

(4212)
azr )
(foz-)3ass *o

4 9TQ aedy,
% punoqsy

uogieduoIy
(I8d) @178uU9]
00€ Pon

00Z¢ PO

00T POR

V 4OHS

12°1 4£31aeap op3yoeds

1%/
'A%

96

7ECN
dN

SANNOAWOD ¥ATILA~AINAVAD ANV " -M494Ny 'IVINLVN J0 SAlidadoud AYVNIWITHEd

‘L q19VL

uy
VAR mmomu SH

d.L12/ I
APe1q uoqiep

Jsuitog
*oN punoduwo)

-20-




[

i

-

A N
N~

009

19
Stie
vozt
009
$Te

o°LYy

9°02

L°TL
€1L

i

0064
GLee
00¢1
059
0S¢

oy

S19

089S
0062
sitt
009
0se

72
09

L9
0€EN

0°6Y
0°61
9L

09%

€9g
LY AA N
a6¢et
059
0S¢

99
1€
s
9.
¢m~z

0y

09

——

6-d

d HalsAs mird oiisn sanno
‘-uas ‘(¥w) - sNaiavingat

.

AW
.

SN e

S N W

029
000¢
0011
0SS
052

S9

1 X4
0§

ic

oceil
oY

09_
8~q

TN
-

)

DN T

06S

S19
0s0¢
SL11
009
067

L9

62
0s

hezn
ob

Q t
L~ S B

l

™~
!
=]

-

g

ciL

“8Y

tLS¢E.

34114
o011
voy
£9

L2
Lz

19
0eeN

001

I!

o
]
~

dno0 HatiLa-d10Avn any ¢
0d 40'sAlivadoud AMVNINI]

8°6Y 8°6y  ¢'6Y

b9t Lot o'm

$°89 S°'Y.  o°0L
€69 g 90¢
56Y ooy s67 ..

osve ST0€  ootg
- 0061 0041 creLt
tzot 526 056

6Le 0s¢ 0s¢
69 69 iy
13 X4 9t
(14 €Y. 9¢
oL 1(3 i
wE bein bko
- or oy
oot 09 o9

LE
g

o2
OEEN
ok

09
-

bEeN
0y

09

1-a

-HALENY “TVHNiVN
A4d

{g d1avi

hocaw v sajnupj Gz p3angp

hi

4 aonian
13s °0

0 319 yvuy

NOLLVONOTA
(1s4) 3IIsnaL
00€ - am
007 - aol
001 - amy

Y duous

+

300SZ SH
do 2iz/ i

Aovig Moawyd
ns

Ny

TVILTVN

- ®wINIVNO
.oz:z:aazou




V°9¢ 065§
001 0°¢l
g 1% (A
o1Ls L1
s oy
YAAN 629¢
VoY1 S¢ol
626 SL01
06e GLe
g te
¢ te
79 SL
OCEN VARA
001 001
oL-3 “6-d

00§
SLye
0091
000
usC

OUCN

sSYy

SisS
SLCC
0081
0001
00y

te
67

.

YL

YCIN
i
ve

09

—

L-3

d HALSAS AUND ONISN g
‘-y4s ‘(ud)-anzaray

oey

0ss
LTARS
0891
ose
119%

0¢€
0¢

09
9-4

o8y
SLEE
vsoe
1744
Sty

Q™

e

o

0/L¢

0y
SCle
1Y A K
SLz1
005

114
8¢

OtEN
A
gt

09

-4

1°¢y
7 %1
79

799

08y
osYe
0s2¢
oLzt
SLY

Yt
te

o°e¢y
o ct
$°99

SLY
0s€g
SL61
0011
STy

te
1¢

[41

O1IN
1
ge
0y

1-3

UNNOAHOD WATTLA-FINAVNO OGNV *-Hagany IVHNLVN

JNGX10d A0 SALINAJONd AMVNIWI'IAYd 6 18Vl

i

40862 18 BIIMUIK ¢z paany

(d.212)
(do2L ) 1 donLd
A ...—Qcﬁ lv ..—h.._mu * M)

D d1a NvAlL

HOT LVONOI
(1s4) TS
0oL - aoy
00¢ - aod
001 - aon

uy
VA 1006C  SH

waﬁm\QJZ

AV NOWNVD
s

ue

TVANLYN
TIARVID

TON ONNOM 10

-22-




RESULTS AND DISCUSSION

Several comparisons of the fillers have been used with natural rub-
ber, guayule rubber and blends of the same to determine the optimm of
the rubber/filler blend system to yield physical properties comparable to
a compound used currently in track pads. The results of such combinations
are tabulated and discussed separately on a filler by filler basis.

A, Guayule and Natural Rubber Peinforeced With Lignin

Lignin was evaluated as a complete and a partial replacement for car-
bon black in the guayule and the natural rubber tank track pad control com-
pounds containing N234 carbon black. These compounds were evaluated to
determine the effect on the processing and physical properties of these
compounds., The results were also compared to a current SBR tank track
pad compound (SP-1),

In the guayule compounds, total replacement of the carbon black with
lignin produced significantly improved processing characteristics as in-
dicated by lower plasticity and longer scorch times compared to both the
guayule carbon black control and the current SBR track pad compound
shown in Table 10, Partial replacement of the carbon black by lignin re-
sulted in equal to or slightly improved processing characteristics in both
the natural and the guayule rubber compounds,

Total replacement of the carbon black by lignin in the guayule com-
pound decreased the hardmess and the modulus and produced a severe ad-
verse effect on tensiles, Partial replacement by lignin (25%) produced
lesser effects in the same direction, In the latter compound, added lig-
nin partially restored the hardness. and modulus, but produced negative

effects on the tensile strength and tear resistance, Moderate to severe

adverse effects were also noted for partifal to completas replacement of
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carbon black (by lignin) in the slevated temperature properties of modulus,
tensile strength, and tear resistance., Similar effects were produced by
lignin in the natural rubber compounds,

The all-lignin reinforced compound appeared to produce poor flex cut
growth and a low hardness. However, the partfal replacement of carbon
black by lignin improved this preperty, The all-lignin reinforced compound
did not improve the time to blowout despite the fact that this compound
evidenced much lower heat generation, Abrasion resistance was saverely
effected in proportion to the level of lignin in the compounds, Lignin
was also evaluated at the 25 percent level utilizing a more reinforcing
carbon black (N110)., However, the properties of this compound evidenced
little Improvement over the results obtained with 25‘percent lignin and
N234 earbon black.

B. Guayule and Natural Rubber Reinforced with Fillite

Fillite produced a drastic reduction in modulus and tensile strength
compared to carbon black (N234) in an SBR tank track pad compound, asl
shown in Table 6, Therefore, it was necessary to evaluate this filler
at different levels in the guayule and natural rubber compounds to study
its reinforcing effects, Table 11 summarizes-the results of the physical
properties obtained for the different compounds mixed,

Twenty-£five percent replacement of the N234 carbon black with Fil-
lite in the guayule tank track pad control compound produced a desirable
effect on the processing properties. A moderate reduction of hardness,
modulus, and tensile strength was also measured at ambient temperature,
Little effect was noticed on ambient tear strength, At elevated test tem-
peratures, the modulus, tensile and tezr strength were slightly raduced,

Flex cut growth (Demattia) was also reduced,




TABLE 11: PROPERTIES MEASURED FOR THE GUAYULE AND

NATURAL RUBBER SYSTEMS REINFORCED WTITH FILLITE

COMPOUND F-1 F-9 F-10 F-11
Guayule .- - - .-
Natural 100 100 100 100
N234 Black 62 47 47 -
N110 Black - -~ -~ 47
Fillite - 6 12 6
ODR 370°F
Min 27.5 21,2 18.0 19.5
Max 89.3 80,5 81.3 79.0
T4 .9 1.1 1.0 1.0
Te 1,9 2.1 2.0 2.0
ML1+4/212°F - .- - --
MS at 250°F _
T4 10.8 14,6 16.6 16.8
Min 50.0 33.7 30,7 31.6
CURE*
MODULUS - 100 ]
PST <30°F 30 720 375 .- .-
7”°F 10 485 315 340 325
20 520 360 360 350
30 7 570 365 360 340-
250°F 30 33s 230 - -
MODULUS - 200
(PST) -30°F 30 1580 925 .- .-
72F 10 1410 800 840 800
20 1510 980 90 900
30 1550 1025 90 825
250°F 30 660 440 - .-
MODULDS - 300 _ a
SI) «30°°F 30 2250 1680 - .-
7207 10 2420 1740 1600 1520
20 2630 1975 1800 1700
. 30 2660 1975 1800 1625-
~  250°F 30 1180 735 .- .-
MODULUS - 400
(PSI) -30°F 30 -~ 2500 .- .-
7207 10 3250 2540 2415 2375
20 3500 2940 2700 2650
30 3550 3020 2700 2560
250°F 30 1710 1100 T e -
TENSTLE ,
(PSI) -30°F 30 2670 2500 - -
720F 10 3938 3750 3300 3700
20 4017 3625 3250 3550
30 4038 3565 3200 3700

250°F7 30 2410 1270 .- -

~28-

375
310
345
360
335

960
810
890
930
445

1750
1515
1650
1730

730

2600
2320
2510
2530
1065

2600
3565
3575
3550
1860




- TABLE 11: CONT,

COMPOUND F-1
ELONGATION CURE*
=30°F 30 370
72°F 10 490
20 467
30 465
250°F 30 515
SHORE A
72°F 10 68
20 69
30 69
TEAR DIE B (LB/IN)
=30°F 30 --
7PF 10 921
20 729
30 669
250°F 30 596

AGED 70 HRS/158 F

MODULUS - 100 . 700
MODULUS - 200 1880
MODULUS - 300 3000
MODULUS - 400 3850
TENSILE- (PSI) - : 3850
ELONGAT ION 400
DEMATTIA FLEX
(kc/0,1 in) 41
BFG FLEXOMETER
TEMP (3 MIN) 68
TEMP (6 MIN) 89
MIN TO BLOW 7
PICO ABRADER % 177
COMPRESSTION SET, %
-30°F 76
72°F 10
212°F 47

%+ CURE TIME IN MINUTES AT 298°F
(30 Minutes where not indicated)

400
545
560
560
450

58
61
61

771
700
768
326

450

1150
2130
3170
3780

470

25

56
64
27

99

67
49

-29-

648
703
656

F-11

560
500
530

61
62
62

831
806
751

400
560
530
510
600

63
64
64

858
835
745
307

400
1140
2020
2940
3600

490

22

72
83
15

69
78

10
41




The partial Fillite replacement of the carbon black appeared to reduce
the heat generation and significantly increased the time to blowout, How-
ever, abrasion resistance was considerably reduced., Fillite produced com-
parable results in the natural rubber control tank track pad compound.

The two compounds evaluated in an effort to increase the modulus to the
level of the natural rubber control compound produced the following results,
The compound with added Fillite failed to restore the 3007 modulus, but
did not affect significantly the tensiles and tear strength. A second com-
pound containing a more reinforcing carbon black (NllO)land 25% Fillite also
failedvto increase the modulus, but appeared to have a slight beneficial
effect on ambient tear strength,

C. Guavule and Natural Rubber Reinforeed with Orbalold

TébleA 12 shows that processing characteristics have improved with the
replacement of carbon black by Orbaloid in both Guayule and Naturél Rubber
compounds, This 1s indicated by longer scorch times and lower Mooney vis-
cosities,

Hardness, modulus, tensile strength and tear resistance were slightly
decreased at low, ambient and elevated temperatures by the partial replace-
ment of carbon black with Orbaloid in a Guayule tank track pad vuleanizate,
Flex cut growth and abrasion resistance were significantly reduced, but
the time to blowout and the heat generation characteristics were signifi-
cantly improved,

Increase of Orbalold in the compound with guayule rubber increased the
hardness, but further reduced the tear resistance and tensile strength at
ali test temperatures. Abrasion resistance was further reduced along with
the advantage in blowout time and heat generation,

The above results parallel the observations from studies with natural




COMPOUND

Guayule
Natural
N234 Black
N110 Black
Orbaloid

ODR  370°F
Min
Max
T4
Te

ML1+H4/212°7

MS_at 250%F
T4

Min
MODULTUS - 100
(®sI1) -30°F
: 727
2SC°F
MODULTUS - 200
(PSI) -30°F
7°F
250°F
MODULDS - 300
(PSI) -30°F
7®F
250°F

MODULUS - 400

A ———————————
(PST) «30°F

72°F

250°F
TENSTLE
(PSI)  -30°F

72°F

25T

TABLE 12.

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

30
10

.20

30
30

PROPERTIZS MEASURED FOR THE GUAYULZ AND

NATURAL RUBBER STYSTEMS REINFORCED WITH ORBALOID

F-12 F-13 F-14 r-15 F-16  F-17 F-18 T-19
100 - - -- - - 100 100
- 100 100 100 100 100 - -

62 47 31 16 — 47 47 47
- 18 35 53 70 35 18 3s
18 19,0 15,5  14.5  11.3  17.0 14 13
65 82.0  79.5  81.0  79.0 85.0 39 63
.9 1.0 1.1 1.3 1.2 .9 1.0 1
1.8 2.0 2.0 2.2 2.2 1.8 1.9 1
67 - - -- - - 52 50
12 16,0 194 25,2 29,0 13.5 15 13
34 32.6  22.8 17.3  12.8 135.0 23 22
625 425 em - - 615 390 400
485 360 340 250 210 195 350 3sS
5200 390 1380 265 205 450 360 395
570 410 340 240 200 500 373 385
335 240 - - - 260 245 255

141S 1010 - - - 1070 970 940

1325 895 630 463 350 875 840 840

1390 985 760 463 340 970 900 910

1365 990 690 450 340 %0 90 900
575 410 — - - 420 530 465

2125 1875 - - - 1825 1830 1625

2300 1690 1290 840 S40 1570 1550 1520

2600 1785  1s8S 855 S35 1710 1860 1515

2350 1790 1315 - 815 540 1700 1765 1580

1015 650 - - - 660 680 770

3025 2592 2250 1550 1050 2390 2340 2230

3360 2725 2315 1540 1000 2510 2490  247Q

3180 2792 2060 1440 1005 2520 2635  3gs

1505 960 -— - - 970 1000 1129

2600 2600 - - - 2550 2185 2050

3775 3450 3010 2955 2540 3000 3120 3089

3665 3438 3260 2715 2570 2980 3350 3000

3835 3358 3140 2590 2405 2880 3530 2995

2300 1750 - - -— 1620 1920 1890

-31-



_TABLE 12: cowr'D,

COMPOUND
ELONGATION CURE*
30°F 30
7°F 10
20
30
250°7 30
SHORE A
729F 10
20
30
TEAR DIE 3B
(LB/IN) -30°7 30
72F 10
20
30
250°r 30
AGED 70 HRS/158 P
MODULUS - 100
MODULUS - 200
MODULDUS - 300
MODULDS - 400
TENSILE- (PSI)
ELONGATION
SHORE A
DEMATTTA FLEX
(ke/0.113) 30
BFG FPLEXOMETER
TEMP (3 MIN)
TEMP (6 MIN)
MIN “TO BLOW

PICD ABRADER, 7

COMPRESSION SET, %
=30°F
72°F
212°F

CHIPPING & CHUNRING

* CURE TIME IN MINUTES AT 29%°F
(30 Minutes where not indicated)

F-12 F-13
360 370
520 493
680 47%
500 462
560 640

65 64
70 65
70 65
745 802
781 764
777 731
417 311
650 480

1773 1110

3075 2040

3728 2980

387s 3350
420 440

71 70
47 19
86 58
108 66
6 27
153 88
72 70
11 10
46 54

F-14  F-15 F=16 F-17  F.18  F-19
455 535 535 480 460 500
495 52 560 465 515 490
510 533 545 445 515 490
— — - 590 680 620

60 53 67 67 64 66
60 53 48 68 65 67

60 53 48 68 65 68
593 287 174 542 633 531
566 221 128 560 623 461
503 250 120 560 667 521
. - - 259 323 235
- - - 540 490 450
- - - 1120 1200 103§
- -— - 2000 2090 1840
- - - 2950 3000 2670
- - - 2950 3575 3000
. .- - 400 480 440
Sap L L ] - 71 66 69
-~ - - 12 14 7
- - - 71 65 32
- - .- 81 38 95
- - - 21 18 12
- - - 81 73 val
- - - 53 43 48

7
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rubber., Linear decreases in hardness, modulus, tensile strength and tear
resistance were observed with the level of Orbaloid replaéement of carbon
black, In natural rubber (as with guayule) partial replacement of carbon
black with orbaloid dectéased the abrasion and cut growth resistance with
some gain in blowout resistance, Similarly, additional orbaloid in-
creased the modulus, but further reduced the abrasion resistance, flex
cut growth resistance and the advantage in blowout resistance,

Compared to current SBR tank track pad vulecanizates, which are shown
in Table 17, the partial Orbaloid replacement of carbon black in guayule
and natural formulae produced lower abrasion resistance, intermediate blow-

out resistance but better tear and flex cut growth resistance,

D, Guavyule and Natural Rubber Reinforced with Nucap 200

Nuecap is kaolin with a silane coupling agent which improves the re-
‘inforcement of rubber by the kaolin, This material is frequently utili-
zed in the rubber industry.

Nucap as a partial replacement for the carbon black in guayule com-
pounds reduced the abrasion resistance, modulus, hot tear strength and
flex cut growth resistance as shown in Table 13,

Additional Nucap increased the hardness to the level of the all
carbon black gecipe, but did not increase the modulus and further reduced
the abrasion fesistance, tear strength,.flex cut growth resistance and
time to blowout,

The properties of the natural rubber vﬁicanizates evidenced the same
trends observed in the studies employing guayule rubber,

Compared to the current SBR tank track pad compounds shown in Table 17
the vulcanizates containing guayule and Nucap evidenced lower abrasion re-
sistance and time to blowout, but better flex cut growth resistance and

tear resistance at low and elevated temperatures,
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COMPOUND

Guayule
Natural
N234 Black
N110 Black
Nucap 200

ODR 370°F
Min
Max
T4
Te

ML1+/212°F
MS at 250°F

T4
Min

MODULDS - 100

(PST) -30°F

72°F

250°F

MODULUS - 200

(®SI) -30°F
7°F

250°F

MODULUS - 300

(PSI) -30°F
72°F

250°F

MODULUS - 400

(PSI) -30°F
72°F

250°F

TABLE 13:

NATURAL RUBBER SYSTEMS REINFORCED WITH NUCAP 200

CURE*

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

PROPERTIES MEASURED FOR THE GUAYULZ AND

F=-2

100

625
485
520
570
33s

1415
1325
1390
1365

575

2125
2300
26400
2350
1015

302s
3360
3180
1505

2600
377S
3665

3835
2300

F-20

100
47

22

710
390
450
430
210

1425
950
1085
1045
425

21380
1710
1920
1905

660

-an

2585
2840
2785

949

2840
3845
3915

3560
1840

-34=

o

1340
1360
1380

2060
2140
2175

2805
2855
2910

3275
3210
3065

955
980
960

1640
1725
1690

2500
2530
2500

3715
3700
3610

17

S8
1.0
1.8

60

14
26

540
400
460
440
265

1215
970
1080
1040
445

1925
1750
1880
1830

660

2710
2520
2705
2640

950

2800
3773
37350

3850
2090

17

50
1.0
1.9

68

10
34

730
540
570
535
300

1390
1165
1170
1150

575

2065
1900
1900
1890

825

2650
2640
2630
1160

2430
3300
3400
3400
2200



TABLE I3: CONT'D,

COMPOUND

ELONGATION, %
=30¢F
72F

250°F

SHORE A
72°F

TEAR DIE B
(LB/IN) -30°F
72°F
250°F

AGED 70 HRS/158°F

MODULUS - 10C
MODULUS - 200
MODULUS - 300
MODULUS - 400
TENSILE-(PSI)
ELONGATION
SHORE A

DEMATTTIA FLEX
(ke/0.1 1n)

BFG_FLEXOMETER
TEMP (3 MIN)
TEMP (6 MIN)
MIN TO BLOW

PICO ABRADER, %

COMPRESSION SET, %

-30°F
72°F
212°F

30
10
20
30
30

10
20
30

30
10

20

30
30

360
520
480
500
360

65
70
70

745
781
777
417

650

51775
. 3075

37258
3875
420

47

86
108

153

72
46

*CURETD!EINHUUI’ESAT298°F
(30 Minutes where not inidicated)

390
555
525
505
730

58
60
60

736
815
749
410

670
1480
2640
3350
3800

460

68

33

74
96
12

103

78
55

-35-

530

65
66
67

342
232
233

-a

-y

-

530
540
540

60
62
61

972

635
670

o

F-23 F-24
410 360
560 500
540 520
560 520
760 750

65 67
66 69
66 69
732 423
693 400
641 402
364 367
570 760

1325 1580

2025 2430

3040 3250

3850 3500
518 450

69 72
28 21
80 104
97 6

9 6
80 67
86 92
11 16
46 55



E. Guavyule and Natural Rubber Reinforced with Austin Black

Table 14 shows the results produced by total or partial replacement
of carbon black with Austin Black in the Cuayule and Natural Rubber com-
?ounds. Abrasion resistance, modulus at low, ambient and elevated tem-
peratures, as well as tear strength in guayule rubber vulecanizates were
reduced, However, time to blowout was significantly improved, Partial
replacement of N234 carbon black by Austin Black also produced a signifi-
cant reduction in flex cut growth resistance.

Additional Austin Black produced a hardness and modulus increase,
but further reduced the abrasion resistance, adversely affected by the
low temperature compression set, and reduced the improvement in blowout
resistance, ‘

Comparéd to curreﬂt SBR tank track pads, shown in Table 17 the par- -
tial replacement of carbon black with Austin Black produced vulcanizates
with significantly poorer abrasion resistance, but significantly better
ambient tear strength and resistance to flex cut growth,

F, Guayule Natural Rubber Reinforced with Santoweb D, IX - HiSil

Santoweb D is short celullose fibers treated with a bonding agent;
Santoweb DX is untreated (15), These materials have been shown to im-
prove the chipping resistance of an SBR vulcanizate containing carbon
black and HiSil, In our experiments,50% blends of Santoweb D or DX and
HiSil Silica were used and the results are given in Tables 15 and 16,

In Table 15 it is shown that the replacement of 25 to 507 of N234
carbon black with the above materials in a guayule vulcanizate produced
a significant adverse effect on the abrasion resistance, tensile strength,
hot tear resistance, flex cut growth, heat generation and low temperature

comprassion set,
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COMPOTRD |

Guayule
Natural

N234 Black
N110 Black
Austin Black

ODR 370°F
Min
Max
TS
Te

ML14+4 /21297
MS at 250°F

T4
Min

MODULUS - 100

(PST) -3¢°F
72°F
250°F
MODULUS - 200
(PST) -3°F
7°F
250°F
MODULUS - 300
®Ps1T) =30°F
7207
250°7°
MODULUS - 400
(PSI) -30°F
7P
25°F
TENSTLE
(PSI)  -30°F
72°7
250°F

TABLE T4:  PROPERTIES MEASURED FOR THE GUAYULE AND
NATURAL RUBBER SYSTEMS REINFORCED WITH AUSTIN 3LACYK

F-2 £225  F-28  F-27  F-28  Fa29  F-30  F-31  F-32

100 - - - - - 100 100 100

rd loo 100 100 100 100 o - -

.62 47 31 16 - 47 47 47 -

- 12 23 3s 46 23 12 23 46

18 17.0 16,0 14,5 13,0 17.0 1s 18 14

65 80.5 79.0  77.3 76.0  82.0 g8 69 59
.9 1.0 1.1 1.2 1.4 1.0 .9 1.0 1.
1.8 - 2.1 2.1 2.3 2.6 2.1 1.8 1.9 2.

67 - - - -— - 62 65 42

12 - - - - - 15 16 A 7

3% - - - - .- 27 31 18

CURE*

30 625 495 - - - .- 540 600 345
10 485 390 315 255 165 440 390 450 225
20 520 .~ 415 345 305 220 480 450 525 240
30 570 440 365 305 220 455 425 515 220
30 338 230 — - - . 320 320 185
30 1415 1115 - - -— - 1080 1150 580
10 1325 900 690 555 180 90 925 965 410
20 1390 960 750 645 480 1035 1050 1070 490
30 1365 1010 765 600 440 1000 1010 1075 475
30 575 420 - - .- - 453 520 250

10 2125 1945 e - - - 1875 1800 930
10 2300 1610 1190 95 660 1660 1660 1680 710
20 2600 1760 1335 1065 800 1800 1849 1800 '830
30 2350 1830 1345 1010 775 1725 1820 1775 805
30 1015 650 - -- - - 710 755 290
3 0 - > L L 3 - - o= 2800 o= 14 15
10 3025 26470 1940  157% 1100 2500 2460 2500 1250
20 3360 2600 2100 1750 1325 2650 2700 2550 1420
30 3180 2660 2110 1610 1300 2450 2700 2560 1353
30 1505 950 - - - - 1025 1015 a3s
30 2600 2610 - - - - 2800 = 2163 2600
10 3775 3550 3110 2880 2850 3000 3630 3250 2450
20 3665 3300 3125 2770 2300 3010 3650 3300 26350
30 3835 3410 3025 2710 2380 2775 3680 3200 2540
30 2300 1750 . . - — 1420 2000 600




TABLE I4: CONT'D.

COMPOUND

ELONGATION, %
, =30°F

72°F
250°F

SHORE A
72F

TEAR DIE B

(LB/IN) <30°F
72°°F
250°F

AGED 70 HRS/158°F

MODULUS
MODULUS - 200
MODULUS - 300
MODULUS - 400
TENSTILE (PST)
ELONGATION
SHORE A

100

DEMATTIA FLEX
(ke/0.1 1n)

BFG_FLEXOMETER
TEMP (3 MIN)
TEMP (6§ MIN)
MIN TO BLOW

PICO ABRADER -

30
10
20
30
30

10
20
30

30
10
20
30
30

COMPRESSION SET, %

-30°F
72°F
250°F

CHIPPING & CHUNRING

* CURE TIME IN MINUTES AT 298°F
(30 Minutes where not indicated)

22 F=25  Fe26  F-27  Fa28  F-29  F-30  F-31  Fo32
360 380 - o= .. - -- 400 465 600
520 463 435 450 575 475 555 soo sao
480 486 ' 425 490 520 455 520 300 sas
500 495 400 512 525 455 520 495 a4
560 650 .- - - - 510 760 580

65 56 60 54 49 66 64 68 46
70 65 60 55 52 67 66 69 50
70 65 60 55 52 67 66 69 50
745 688 4727 393 178 545 704 692 29
781 722 S51 384 195 570 668 as2  sap
777 763 575 302 210 493 718 s0s 164
417 425 .= - - - 278 309 118
650 530  -= - - —~— 500 625 265

1775 1225 e - - = 1150 1310 540

3075 2140 - - - — 2000 2150 905

3725 3050 - - -— —- 2900 2975 1550

3875 3575 - - - -~ 3700 3350° 2590
420 460 - - - - 500 450 515

7 70 - - - -- 69 70 51
47 21 - -- - -- 11 8 14
86 56 - - - -- 60 63 23
108 63 e e - - 67 82 29
6 27 - - - - 27 15 3o+
153 100  -- - - - 92 76 26
72 73 - - - e 77 84 63
11 0 -- - - -- 10 3 3
46 52 - ce ee am 41 41 17
4 2
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COMPOTND

Guayule
Natural
N234 Black
N110 Black

- TABLE 15
NATURAL RUBBER SYSTEMS

50/50 Santoweb/Hisil

ML14+4/212°7
MS at 250°F

TS
Min

MODULUS - 100

(BSI) -30°F

72°F

250°F

MODULUS - 200

(PSI)  -30°F

72°F

250°F

MODULUS - 300

(PSI) -30°F

72°F

“250°F,

MODULTS - 400

(PSI) <3C0°F

72°F

250°F
TENSTILE

(PSI) <30°F

72°F

250°F

—————

30
10
20
30°
30

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

30
10
20
30
30

PROPERTIES

12
34

625
485
520
570
335

1415
1325
1390
1365

2125
2300
2400
2350
1015

-y

3025
3360
3180
1505

2600
3775
3665
3835
2300

MEASTURED FOR THE GUAYULZ AND
REINFORCED WITH SANTOWER D/AISTL

F-33

——

100
47

>

14

Ll 3

565
325
350
350
220

1220
800
. 825
900
335

1825
1550
15735
1660

540

2330
2380
2500

820

2460
3000
3000
3075
1565

-39-

F-34

-

100
31

27

310

-y

585
600
580

1050

- 1100

1030

1700
1750
1700

. 2678

23258
2350

14

18

58
1.0
1.9

65

16
28

600
440
450
480
305

1150
800
920
990
460

1773
1600
1650
1675

740

2340
26400
2430
1075

2300
3050
3100
3075
1850

21

51
1.1
2.0

33

19
26

335

465
460
250

810
740
740
730
320

1545
1340
1260
1230

430

-ap-

1825
1825
1850

550

1930
2275
26490
2215
1280

12t

41
1.8
2.9

42

70
17

563

570
280
265

767
760
400
250

-

1025
580
2584

1200
800
270

1125
1200
1240
1490




TABLE 15: cowr'p.

COMPOUND

ELONGATTON, 7
-30°F
72F
250°F

SHORE A

————

72F

TEAR DIE B

3/IN) -30°7
72°F
250°F

AGED 70 HRS/158°F

MODULUS - 100
MODULUS - 200
MODULUS - 300
MODULUS - 400
TENSTIE (PSI)
ELONGATION
SHORE A

DEMATTIA FLEX
(ke/0.1 in)

BFG_FLEXOMETER
TZMP (3 MIN)
TEMP (6 MIN)
MIN TO BLOW

PICD ABRADER

COMPRESSTION SET, %

-30°F
72°F
250°F

CHIPPING & CHUNRING
M

30
10
20
30
30

10
20
30

30
10
20
30
30

360
520
480
500
560

65
70
70

745
781

417

650

£ 1775
3075

3725
387s
420
71

47

86
108

153

72
11
46

* CURE TIME IN MINUTES AT 298°F
(30 Minutes where not indicatad)

365
480
475
475
620

64
65
65

705
613
643
384

335

1210

2160
3010
3280
425
€9

22

85
108
12

100

34

S4

<40-

-

510
480
500

60
60
60

757
798
696

R

-

370
500
505
495
610

65
63
68

606
709
612
254

515
1070
2100
2925
3200

440

70

17

92
118

78

87
11
51

355
480
499
480
760

65
68
68

302
366
.265
219

545 -

870
1450
2155
2440

440

66

100

41

79
12
52

280

400
540

68
68

179
173
124

350
515
750
1225
1550
495
74

100

-

37

87
12
73




TABLE 15:

PROPERTIES MEASURED
NATURAL RUBBER SYSTEMS RETNTORCED

COMPOUND F-1
Guayule -
Natural 100
N234 Black 62
N110 Black -
50/50 Santowed DX/Hisil -
QDR 370°F
Min 27.5
Max 89.3
T4 .9
Te 1.9
ML1+4 /2127 -
MS at 250°F
T4 10,8
Min 50,0
MINUTES
CURE*
MODULUS - 100 o
(FST) -30°F 30 720
72°F 10~ 485
20 520
30 570
250°F 30 335
MODULTUS - 200
®FsD) =30°F 30 1580
72F 10 1410
20 1510
30 1550
250°F 30 660
MODULUS - 300
®sI) «30°F 30 2250
' 72°F 10 2420
R 20 2630
30 2680
250°F 30 1180
MODULUS - 400
®SI) «30°F 30 .-
72°F 10 3250
20 3500
30 35350
250°F 30 1710
TENSTLE
(PST) <30°F 30 2670
72°F 10 3938
20 4017
) 30 4038
250°F 30 2410

-41-

FOR THE GUAYTULE AND
WITH SANTOWE3 DX/RISTIL

100 - -
- 100 100
62 47 31
.- 14 27
18 17.5 14. 8
65 70.0 56.0
.9 .9 1.0
1.8 1.9 2.0
§7 -- -
12 13.0 17.0
34 29.5 21.0
628 595 -

" 450 310 250
475 335 295
495 350 285
295 225 -

1415 1215 -

1325 760 495

1390 780 525

1365 850 500
575 340 -

2125 1900 -

2300 1640 860

2400 1525 970

2350 1620 870

1015 550 -

3025 2250 1450

3360 2300 1600

3180 2650 1450

1505 830 —

2600 2650 —-

3775 3040 2440

1665 3100 2495

3835 3050 2475
2300 1600 -

19

58
1.0
1.9

69

16
31

700
. 440
455

. 445

255

1315
92S
945
925
395

1980
1650
1700
1660 *
605

2415
2400
2350

850

2170
3150
3200
3125
1630




TABLE 16: CONT'D.

COMPOUND F-1
ELONGATION, %
-3PF 30 370
72eF 10 490
20 467
30 465
250°F 30 515
SHORE 4 _
72°F 10 68
20 69
30 69
TEAR DIE B
(LB/IN) -30°F 30 -
72°F . 10 921
20 729
30 669
250°F 30 596

AGED 70 HRS/158°F

MODULUS - 100: : __ 700
© MODULUS - 200 1880
MODULDS - 300 3000
MODULUS - 400 3850
TENSILE (PST) . 3350
'ELONGATION" : 400
SHORE A 73
DEMATTTA FLEX
(ke/0.1 in) 41
BFG FLEXOMETER
TEMP (3 MIN) 68
TEMP (6 MIN) 89
MIN TO BLOW 7
ncd"ABRAm, % 177
COMPRESSTON SET, 7
<30°F 76
72°F 10
212°F 47

* CURE TDME IN MINUTES AT 298°7
(30 Minutas where not indicated)

42=

360
520
480
500
560

745
781
777
417

650

1775
3075
3725
3875
420
71

47

86
108

153

72
11
46

717
616
682
387

528
1200
2128
3025
3375

| 440

69

25

84
122

98

81
10
58

382
424
289

L2 J

oo
B

-

*ow

LL J

335
505
500
505
675

67
68
68

649
636
682
258

550 -

1085
1920
2730
3025
450
72

24

98
124

74

84
12
54




At the 50% replacement level in blends with guayule rubber, Santoweb D
produced a severe adverse effect on tensile strength, tear resistance, and
flex cut growth., However, at the 257 replacement level these properties were
equal or better than the same properties for a current SBR tank track pad,

The preliminary studies utilizing natural rubber vulcanizates evidenced
effects paralleling the above results with guayule vulcanizates,

Table 16 shows the behavior of the Santoweb DX blends., The results
are similar in nature to those observed for the Santoweb D blends, Abra-
sion resistance and tear are better in this system, but the mater%al runs
better in the BFG Flexometer, The Santoweb DX-carbon black system in gen-
eral seems to produce adverse results at the 257 volume level,

G. Blends of Guayule Rubber with Other Polymers

It has beeﬁ shown:(S) that a polymer Tri-blend consisting of natural
rubber, polybutadiene (BR), and SBR (in the ratio 60-28-12) yields improved.
abrasion and tear resistance compared to all SBR compounds of the type
currently used in tank track pads., Table 17 compares guayule rubber to
natural rubber in the Tri-blend compound. Also shown are data for compounds
with various polymer ratios.

In the Tri-blend system containing natural and guayule rubber the sys-
tem seems to produce slightly better hot tear resistance, reduced
abrasion resistance and slightly lower modulus, The flex life was also
somewhat improved while other properties were comparable to the guayule
and natural rubber compounds.

The Tri-blends produced little improvement in time to blowout
compared to all-guayule rubber or all-natural rubber compounds, Increased
curativesin an all-guayule compound G-43 also failed to significantly im-

prove the time to blowout, even though the heat build-up was improved,
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Except for a loss in tear resistance and processing safety; all other physi-
cal properties were comparable,

Guayule rubber blends with either polybutadiene rubber or SBR (H-44,
H-45) have not evidenced significant improvement in time to blowout. Note
that curative levels were increased to compensate for the differences in
cure rates of the polymers., However, a relatively good hot tear was re~
tained,

The time to blowout was significantly improved by a filler blend of
Austin Black and N234 carbon black in the polymer blend of guayule with
polybutadiene, Santoweb/HiSil system, however, produced poor results in
the same direction and also gave poorer hot-tear results than the Austin
Black’system. It becomes obvious from the results shown on Table 17 that
the blends gave better flex life than the control SBR compounds SP-1 and
SP-Z,iand in most cases their performance is superior,

He Optimization of Guayule - Filler Systems

Table 18 gives the main properties of selected guayule/filler systems,
These systems are compared with standard SBR compounds used in today's tank
track pads, It becomes obvious from the results that the physical proper-
ties of the guayule/filler systems are better or equal to those of the SBR
currently used compounds., Tear and heat generation of the SBR compounds
are comparable to those of the guayule/fi11er systems while the flex life is
extremely poor. The SBR compounds give better abrasion resistance than the
optimized guayule~filler blends. However, the guayule system itself has an
abrasion resistance which is superior to the blends and also to the SBR com-
pounds,

A comparison of the chipping and chunking test results, aged for 3 days
at 100° ¢, (212° F,) shows that the SBR compounds currently used in the tank
track pads were unaffected by the testing technique, and they are first in

performance with respect to both chipping and chunking,
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The blends of all carbon black natural rubber and guayule rubber com-
pounds were second in performance with respect to chipping. Blends of these
systems with Austin Black and Santoweb D/HiSil fillers were also good in
chipping performance,

Increased chipping with considerable chunking were observed for the
blends with 1ignin and orbaloid fillers.

Chipping and chumking test results do not seem to correlate well with
any of the properties shown in Table 18, Therefore, it is difficult to

draw concrete conclusions on the usefulness of this test,
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CONCLUSIONS

Reinforcement of guayule and natural rubber with non-oil dependent fil-
lers; such as, lignin, Fillite, Orbaloid, Mucap, Austin Black, and Santoweb
D and DX has shown to give poor physical properties when these fillers are
used as 1007 replacement of the carbon black in the compound.

Physical properties are significantly improved when the aforementioned
fillers are used as a partial replacement of the carbon black. In such cases
it is shown that most properties are equivalent or better than the properties
of the SBR compounds currently used in the tank track pad compoundse.

RECOMMENDATIONS

We found in this work that a combination of non-oil dependent fillers
with carbon black can give a2 good reinforcement to the guayule or nat:u:al
rubber compounds. This reinforcement 1s better or equal to the reinforce-
ment of all carbon black SBR compounds currently used in tank track pad ap-
plications. Therefore, we recommend that tank track pads be built and tested

in the laboratory and tank track ffeld by using such guayule filler compounds.

Becanée of the difficulties encountered in finding guayule rubber in
large quantities in the U.S.A., it is recommended that natural rubber be used
in t:he: place of guayule rubber for such e‘xperiientations. The performance of
the natural rubber compounds used in this work was found to be comparable to
that of the guayule rubber compounds. Therefore, replacement of guayule with
natural rubber in such experiments would not chanée the results significantly,

Treatment of some of the fillers with bond promoting agents may improve
the bonding of the rubber to the fillers and thus improve the reinforeing
effect, We also recommend that some research be done in this area, especially
with lignin, to see if such treatment can be helpful to track pad applica-

tions,
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Appendix A

Abbreviations and Explanations of Laboratorv Testine Conditions

ODR

Ms 2s5¢° F,

MS 21° F,

MOD - 100

MoD - 100 (-38 F.)
MOD - 100 (250 F.)
TENSILE

ELONGATION

REBOUND

C. SET (-3¢ F,)

PICO (WEAR)
DM FLEX (kc/0.11ine)

BFG FLEX

Oscilating Disc Rheometer
Conditions: Temperature 370 F
Oscillation 5 degrees

Meagsurements: T4 Minutes to 4 point rise
T90 Minutes to 907 cure
Mn Minimum Torque (inch - lbs,)
Mx Maximum Torque (inch - 1bs.)

Mooney Viscometer - Small Rotor - 250 F
Measurements: T4 Minutes to 4 point rise
Mn Minimum Torque (Mooney umits)

Mooney Viscometer - Large Rotor - 212 F 4
" Measurements: Torque after 4 minutes (Mooney units)

Tested at Ambient Temperature,
Tested at -30 F
Tested at 250 F

Modulus (PSI) at 1007 Elongation
Modulus (PSI) at 1007 Elongation
Modulus (PSI) at 1007 Elongation

Tensile Strength (PSI) at break
Elongation (%) at break

Rebound (%) - Bashore Resiliometer
Compression Set B (%) 22 hours at =30 F

Pico Abrasion Resistance (Knife Edge) - Reciprocal of Volume
Loss Compared to Pico Standard as 100

Kilocycles to 0.1 inch cut growth (Pierced Test Pieces) -
DeMattia Flexometer - 300 cycles per minute

Goodrich Flexometer (Dynamic Compression Fatigue)

Conditions: Cycles Per Minute 1800
Load (PSI) 200
Temperature Oven (0Of) 100

Measurements: Temp (3) Temp (0f) Increase After 3 Minutes
Temp (6) Same After 6 Minutes
Blow Minutes to Blow=-Out




Appendix A - (Continued)

Chinping and Chunking

Rating
0

1

10

Deseription

No effects - 50 blows

Slight scuffing - 50 blows

Moderate scuffing - 50 blows : -
Slight cracking - 50 blows

Moderate cracking - 50 blows

Chipping - 50 blows

Chipping - 10 blows

Chipping - Less than 10 blows
Chunking - 50 blows

Chunking - 10 blows

Chunking - Less than 10 blows

Equipment: Polysar Corporation, Limited - Sarnia, Ontario, Canada

(Guillotine Type)

Weight:
Edge:
Height:

Sample:

5 1lbs,

Blunt blade, radiused edge, 1/4 in, thick
Dropped from 16 in, ~ (40 cm)

Cured section simulating a truck tire tread,

Dimensions: 2X2¥X2 em

Samples withstanding 50 blows without losing chips over 1 mm in diameter are

considered chip resistant,




